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1. Introduction 
he definition, measurement and improvement of organisational performance, and the provision of any 
allied information, is of critical importance to Australian corporates. On the one hand, there are the 
disparate requirements of shareholders, managers, regulators, and other interested parties. Performance 
information in this regard may relate to issues of profitability, benchmarking, efficiency and strategic groupings. 
And on the other, there is the regulatory framework and the direct and indirect costs associated with the supply 
of such assessments and disclosures. Here one should consider the capital and corporate control market forces, 
the competitive disadvantage costs, and the constraints placed upon managerial behaviour. 
The variety of interested parties who are involved in and benefit from the assessment of corporate 
performance indicates the need for a systematic and robust conceptual framework. And traditionally, much of 
this framework has been constructed using financial statement information, with the primary tool of analysis 
being accounting-based financial ratios. However, whilst financial ratio analysis is a well-established technique 
with both normative and positive applications, three main problems arise. 
First, one of the most fundamental limitations of traditional univariate analysis is that only two 
dimensions of activity, represented by numerator and denominator, can be examined in any one indicator. For 
instance, a typical ratio may examine some output in relation to an input. In single input, single output contexts 
such a measure is a meaningful, easy to use, measure of performance. However, this is not the case where 
multiple noncommensurate inputs and/or outputs are involved. In an attempt to overcome this deficiency, 
financial ratio analysts have usually used a barrage of ratios grouped into categories such as cash position, 
liquidity, working capital, capital structure, debt service coverage, profitability, and turnover. But this is as 
likely to create problems as solve them: individual measures are unlikely to be fully consistent with corporate 
objectives, usually involve inconsistent rankings, and only partially consider the resources available to the firm 
(Schefczyk 1993, p. 1). Even where measures are combined using some weighting system, the resultant 
composite measure is ultimately arbitrary, and unlikely to be replicated in any systematic manner (Smith 1990). 
But more fundamentally, it is obvious that firms are multi-dimensional entities: a single measure is unlikely to 
reflect the complexity of decision-making or the scope of a firm’s entire activities (Athanassoupoulos and 
Ballantine 1995).  
Second, one of the most common ways in which financial ratios are employed is to control for size 
differences across firms. An important assumption underlying this is strict proportionality – a zero intercept, 
linear relationship is necessarily imposed between the numerator and denominator. Once again it is obvious that 
the imposition of a specific functional form may not adequately describe the true underlying relationship. For 
example, a positive intercept may be present in, say, the earnings to sales ratio because of interest income or a 
negative intercept may arise due to the presence of fixed costs. Moreover, by controlling for size with a strictly 
linear function, traditional financial ratios are unable to account for economies of scale. Of course, whilst these 
problems may also arise in other types of financial statement analysis, there is the need to analyse alternative 
solutions to the problem of assessing firm performance. 
One alternative to these measures of ‘financial performance’ that does suggest itself is the application of 
the economic notion of a production function and an efficiency frontier to performance assessment. More 
particularly, an approach known as data envelopment analysis (DEA) may serve to offer useful insights into the 
manner in which management is translating the various resources at its disposal into outputs – that is, measures 
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of ‘productive performance’ (Schefczyk 1993). And pre-empting discussion in the next section, DEA is able to 
overcome many of the limitations of traditional ratio analysis. By incorporating multiple inputs and outputs, 
under various assumptions of the production form (both constant returns to scale and variable returns to scale), 
and with minimal data requirements, DEA is able to  provide measures of productive performance that can be as 
easily interpreted as financial ratios. Of course, if DEA measures of efficiency are to form an alternative, or at 
the least, a supplement to traditional ratio analysis, then the information content of financial ratios about the 
efficiency of corporates must be investigated. If, and as it has been hypothesised, there are linkages between 
financial and productive performance, then such associations should be tested and quantified. 
The paper itself is divided into four main areas. The second section discusses the measures of financial 
and productive performance to be applied, and the results are dealt with in the third section. The paper ends with 
some brief concluding remarks. 
2. Empirical Methodology 
2.1 Data Envelopment Analysis 
he technique employed in the current paper is based on the data envelopment analysis (DEA) approach 
first popularised by Charnes, Cooper, and Rhodes in 1978. In turn, Charnes, Cooper and Rhodes (1978) is 
a mathematical programming reformulation of the Farrell (1957) single-output, single input technical-
efficiency measure to the multiple-output, multiple-input case. The subsequent technical development of DEA is 
extensive, certainly to the point of precluding a survey in this instance. Interested parties are directed to those 
provided by Seiford and Thrall (1990), Ali and Seiford (1993), and Charnes, Cooper, Lewin, and Seiford 
(1993). What follows is a general discussion of DEA, with primary attention directed to model formulation. 
In a nutshell, DEA involves an alternative principle for extracting information about a population of 
observations to traditional parametric approaches, such as an econometric frontier. Whilst the parametric 
approach seeks to evaluate efficiency in reference to an imposed efficient frontier; DEA does not. Instead, DEA 
calculates a discrete piecewise frontier determined by a set of referent decision-making units (DMUs). In all 
instances, these referent (or efficient) DMUs are identified by the ability to utilise the same level of inputs and 
produce the same level or higher of outputs. In economic terms, these DMUs define the revealed best-practice 
frontier. DEA then uses mathematical methods to calculate a performance measure for each DMU relative to all 
other DMUs based on the sole requirement that all observations lie on or below the extremal frontier.  
Figure 1 illustrates the derivation of the efficiency measures found in the envelopment surfaces in single-
input (x) single-output (y) space. As shown, these envelopment surfaces may be either linear, as in the constant 
returns to scale (CRS) case, or convex as is the case with variable returns to scale (VRS). The CRS and VRS 
cases are detailed: the CRS surface is the straight line 0icm and the VRS surface is abcde. For ease of exposition 
the interior (or inefficient) DMUs are represented by point k.  
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Figure 1  
Measuring Technical and Scale Efficiency 
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Now, the efficiency of any interior point (such as k) is intuitively given by the distance between the 
envelope and itself. Typically, such a distance may be measured either horizontally along the x-axis or vertically 
along the y-axis, providing an input-orientated or output-orientated measure respectively. For example, using an 
input orientation and the DMU depicted by point k, the measure of technical efficiency will be given by hi/hk in 
the CRS case, and by hj/hk in the VRS case. A measure of scale efficiency is provided by the ratio hi/hj. Using 
an output orientation, the technical efficiency of point K would be given as nk/nm in the CRS case, nk/nl in the 
VRS case, and the scale efficiency would be provided by nl/nm. Finally, for a DMU on the envelope surface, 
such as that denoted by C, the technical efficiency ratio would be qc/qc for technical efficiency under both VRS 
and CRS with an input orientation (a value of unity), and the scale efficiency measure in this case would also be 
qc/qc. 
2.2 Measures of Productive Performance 
Having illustrated DEA intuitively, we may extend the technique to the multiple-output, multiple-input 
case [following Charnes et al. (1993)]. Consider S DMUs each producing m different outputs using n different 
inputs. The efficiency of the DMU is measured as follows: 
s i
m
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where yis is the amount of the ith output produced by the sth DMU, xjs is the amount of the jth input used by the 
sth DMU, ui is the output weight, vj is the input weight, i runs from 1 to m, and j runs from 1 to n. The efficiency 
ratio (hs) is then maximised subject to the following: 
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where the first inequality ensures that the efficiency ratios for all DMUs cannot exceed one, whilst the second 
ensures that the weights are positive. The weights are determined such that each DMU maximises its own 
efficiency ratio. This fractional linear program (2) can be transformed into the following equivalent linear 
programming (LP) problem: 
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where Y is the r × m matrix of output measures, and X is the n × r matrix of input measures. The variable θ is the 
proportional reduction applied to all inputs of a DMU to improve efficiency, whilst ε is a non-Archimedean 
(infinitesimal) constant which effectively allows the minimisation of θ  to preempt the optimisation involving 
the slacks (s+ and s-). The vector λ defines a point on the envelopment surface. This point is either a linear 
combination of units that lie on the surface of the envelopment surface in the case of constant returns to scale 
(CRS) model or a convex combination for the variable returns to scale (VRS) formulation. Both the primal 
(envelopment form) and dual problem (multiplier form) always have solutions; hence, the duality theorem of 
linear programming can be used to guarantee that zs = ws. The value zs (= ws) yields an efficiency rating that 
measures the distance that a particular DMU being rated lies from the frontier. Thus, a DMU is efficient only if 
z = 1 and all slacks are zero. The nonzero slacks and the value of θ ≤ 1 identify the sources and amount of any 
inefficiencies that may be present.  
The programs detailed provide the input-orientated constant returns to scale (CRS) envelopment surface, 
and a measure of overall technical efficiency (zs). Under these assumptions, any scaled-up or scaled-down 
versions of the input combinations are also included in the production possibility set. The overall technical 
efficiency can then be further divided into pure technical and scale efficiency following Banker et al., (1984). 
Adding the convexity constraint (∑λ r=1) to (6) allows for variable returns to scale (VRS) and provides a 
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measure of pure technical efficiency (πs), whilst dividing overall technical efficiency by pure technical 
efficiency yields a measure of scale efficiency (μs= zs/πs). 
DEA therefore overcomes many of the limitations of both traditional financial ratio analysis and other 
efficiency methodologies. In the first instance, DEA is able to calculate a single, relative measure of efficiency 
based upon multiple inputs and outputs under alternative assumptions concerning the nature of returns to scale. 
In the second, DEA does not require a specific form for the production function to be specified, as is the case 
with an econometric frontier, and has minimal data requirements, especially when compared to the price/share 
data that is needed for index number methods.  
2.3 Specification of Inputs and Outputs 
The variables used to provide efficiency measures using the non-parametric methodology are detailed in 
Table 1. Following Abriksten and Forsund (1990), Sickles and Streitwieser (1992), Banker and Johnston 
(1993), Charnes et al. (1993), Forsund (1993), Thore et al., (1994), Thanassoulis et al., (1996) and Thompson et 
al., (1994, 1996) a single industry group is employed to evaluate DEA as a tool of financial statement analysis. 
The industry selected in the current study is a sample of thirty Australian companies from the Australian Stock 
Exchange’s ‘gold’ classification.1 All data corresponds to the financial year ending 30 June 1994 and is 
obtained from the Australian Stock Exchange’s (1995a, 1995b) standardised compilation of financial reports 
and announcements. Descriptive statistics are also provided in Table 1. 
Table 1  
Descriptive Statistics 
 Variable Description Model 1    Model 2 Mean Std.Dev. 
 Inputs     
X1 Proved and probable reserves - 1993 (Mt) •  12.03 21.39 
X2 Average head grade - 1993 (g/t) •  3.46 2.22 
X3 Total costs ($000) • • 111300 212250 
X4 Fixed assets ($000)  • 79151 166130 
X5 Current assets ($000)  • 73635 142090 
X6 Labour (n) •  365 813 
 Outputs     
Y1 Proved and probable reserves - 1994 (Mt) •  14.22 25.28 
Y2 Average head grade - 1994 (g/t) •  3.37 2.33 
Y3 Production (oz) •  143410 173300 
Y4 Profit before tax ($000)  • 13016 24285 
Y5 Sales revenue ($000)  • 114800 210970 
Y6 Market capitalisation ($000)  • 279770 353830 
Two separate models are proposed for the analysis of Australian gold producers. The first model, Model 
1, is a traditional production-based approach in the spirit of Thompson et al. (1994, 1996). As outputs, a firm 
                                                 
1  The presence of a homogeneous product and a relatively standard production process should enhance 
discussion of the conceptual issues to be raised: certainly more so than that possible in broadly-defined 
groups such as ‘food and household’, ‘retail’ or ‘diversified industrials’. 
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may extend and discover additional gold reserves Y1, and improve the recovery of existing reserves Y3.2 The 
grade of these reserves Y2 is incorporated as a non-discretionary variable (i.e. a factor over which management 
has little or no control).3 As inputs, a firm may make expenditures X3 and employ labour X6 to develop its 
reserves and production processes, and exploit the stock of reserves X1 and ore grades X2 from previous years’ 
activity.4 Trade-offs may exist between outputs, between inputs, and between outputs and inputs. In this 
formulation, and all other things being equal, a relatively efficient producer will minimise the costs associated 
with gold production and exploration, whilst maximising the current production of gold and extending the level 
of proven and probable reserves for future production. 
Model 2 on the other hand uses only financial statement magnitudes to specify the firm’s production 
process. In this case, the firm’s outputs are before tax profits Y4, sales revenues Y5, and market capitalisation Y6; 
whilst inputs are quantified as total costs X3, fixed assets X4 and current assets X5. This approach follows the 
work of Thore et al. (1994) and Athanassopoulos and Ballantine (1996). 5  An efficient firm in this instance will 
seek to minimise the costs associated with gold production, whilst maximising sales revenues, profits, and the 
level of market capitalisation. 
2.4 Measures of Financial Performance 
A second methodological requirement is to specify the financial ratios that will be used as comparators 
for the measures of productive performance. The variables employed in calculating these financial performance 
measures are identical to those found above. The ratios themselves relate to three broadly-defined aspects of the 
firm’s operations. Selected descriptive statistics are detailed in Table 2. 
The first group of ratios relate to the firm’s profitability. They are δ1 the ratio of pre-tax profit to costs, 
Y4/X3, δ2 the ratio of pre-tax profit to the sum of fixed and current assets (total assets), Y4/(X4+X5), and δ3 the 
ratio of pre-tax profit to sales, Y4/Y5. These measures are used to identify the ability of management to control 
costs, to effectively manage the resources at their disposal, and to attain a desired return on sales, respectively. 
All other things being equal, a relatively high ratio of pre-tax profit to costs, assets, and sales should indicate a 
relatively efficient producer. 
                                                 
2  Problems exist in deciding exactly which input and output factors are a matter of managerial discretion 
and which are the result of ‘luck’. On the one hand, the search for new reserves should be an output of 
management, otherwise cutting exploration budgets would make firms ‘appear’ efficient (for at least one 
period). On the other, despite management’s best efforts additional reserves may be neither ‘probable’ 
nor ‘proven’. Possible solutions may include the analysis of efficiency over a number of successive time 
periods in order to eliminate this uncertainty. 
3  In so far as the DEA methodology is concerned, the nondiscretionary input excesses and output slacks are 
omitted from the objective function when the efficiency scores are computed, but their presence is taken 
into account via the constraints. 
4  Proved and probable ore reserves are stated in mineable tonnes/volumes and grades. In the case of 
‘probable’ reserves, the reserves are categorised as indicated and likely to be confirmed, whereas with 
‘proved’ reserves the full geographic extent is known with sufficient confidence. The measures provided 
reflect each gold producers equity in such reserves. 
5  Two further approaches exist; the user-cost approach where the net contribution to revenue determines 
the nature of inputs and outputs, and the value-added approach where the inputs and outputs are 
identified by the share of value added.  
 8
The second set of ratios are designed to analyse corporate performance with respect to labour. The first 
ratio δ4 is a pure production-orientated measure and is calculated by dividing total gold production by the 
number of employees, Y3/X6. The ratio of sales to employees δ5 is then included to indicate the relative 
profitability of each employee, Y5/X6, and will partly reflect the capital intensity of the firm.  The final ratio δ6 is 
calculated by dividing fixed assets by the number of employees, X4/X6. This measure should indicate the average 
value of investment in capital assets for each unit of labour. On the basis of this set of financial performance 
measures, a high performing firm will maximise gold production and sales revenue per employee, and control 
the average level of investment in fixed assets. 
Finally, a number of commonly used efficiency-type ratios are calculated. The ratios are: δ7  the cost per 
ounce of extracted gold, X3/Y3; δ8 the ratio of total costs to the sum of fixed and current assets (total assets), 
X3/(X4+X5), and δ9  the ratio of sales to fixed assets, Y5/X4. In this case, the best practice or most efficient gold 
producer will be that firm which has the lowest cost per ounce of extracted gold and cost to total asset ratio, and 
the highest ratio of sales to fixed assets. 
2.5 Specification of the Associational Models 
The final methodological requirement is to explain the observed variation in firm performance, by 
attributing variation in productive efficiency to the characteristics of each firm. Three separate approaches are 
used.  
The first approach places an emphasis on the consistency of financial and productive performance 
measures in ranking firms. Since performance measures are mostly used as relative indicators of firm 
performance, then highlighting any inconsistencies that may arise is a useful exercise. However, care should be 
taken when comparing the financial ratios and the efficiency measures on the basis of correlation alone. More 
particularly, we would usually find that outliers in the financial ratios tend to make a large number of DMUs 
‘inefficient’, whereas under the multiple-input, multiple-output DEA approach it is somewhat easier for a firm to 
attain a position of relative efficiency. We would therefore tend to have a concentration of values at the lower 
and upper ends of the range respectively. Thus, given that the assumptions of the Pearson (product-moment) 
correlation are likely to be violated, the Spearman (rank-correlation) procedure is employed. 
The remaining techniques for explaining variation are regression-based approaches. In the first approach 
a logistic regression of general form: 
 l fs s s= ( ,..., )δ δ1 9         (7) 
is estimated, where ls = 1 if the sth firm is inefficient on the basis of the DEA measure of overall technical 
efficiency (z < 1), and ls  = 0 is the ith firm is efficient (z = 1). In this approach, the efficiency of the firm is 
posited to depend on the vector of financial performance measures  (δ1 – δ9) that characterise its operations.  
The second regression approach seeks to explain the slack inefficiency in each firm, that is, slack in the 
form of excessive utilisation of specific resources or underprovision of outputs.6 This analysis is likely to 
                                                 
6  The calculated improvements (or slacks) in each of the inputs and outputs for inefficient DMUs are based 
upon the revealed best-practice performance of ‘comparable’ DMUs or combinations of DMUs that are 
located on the frontier. 
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illuminate areas of particular concern to management. This requires estimation of ordinary least squares (OLS) 
equations of the form: 
 s fi j s s, ( ,..., )= δ δ1 9         (8) 
where si,j  is the observed slack in the ith output or jth input, and all other variables are as previously defined. 
Thus in the case of Model 1, the final approach to explaining efficiency variation involves estimation of a set of 
seven separate equations, one for each input and output variable, using nine explanatory variables (financial 
ratios) and thirty firms. 
3. Empirical Results 
able 2 provides summary statistics for the financial ratio-based measures of efficiency and those derived 
from the non-parametric methodology discussed in Section 2. Turning first to the production-based Model 
1 in Table 2, the level of overall technical efficiency (z1) indicates that the average Australian gold 
company could – and solely on the basis of observable best-practice – become efficient by reducing inputs to 
90.7 percent of their current level. Alternatively, the average loss of productivity due to overall technical 
inefficiency is 9.3 percent. Further, in the case of overall technical efficiency 18 firms (some 60 percent) define 
the frontier, 23 firms (or 77 percent) are purely technical efficient and 17 firms (or 57 percent) are scale 
efficient. In the case of the latter, the measure of scale efficiency (μ1) indicates that the average loss of 
productivity due to scale effects in the sample amounted to some 5.5 percent. Overall, using the production-
based approach, a large number of firms are assessed as efficient (that is, they lie on the estimated frontier) by 
any of the measures calculated.  
Table 2  
Performance measures 
Variable  Mean Std. Dev. 
Profitability Indicators   
Pre-tax profit to costs δ1 0.1637 0.2107 
Pre-tax profit to total assets δ2 0.1140 0.2763 
Pre-tax profit to sales δ3 0.1207 0.2068 
Employee Analysis    
Output per employee δ4 2267.1 3194.2 
Sales per employee δ5 1039.7 1361.6 
Fixed assets per employee δ6 612.42 1380.3 
Efficiency Indicators    
Cost per ounce δ7 0.5794 0.3465 
Cost to total assets δ8 1.0661 0.662 
Sales to fixed assets δ9 3.5576 3.0743 
DEA Model 1    
Overall technical efficiency z1 0.907 0.145 
Pure technical efficiency π1 0.956 0.092 
Scale efficiency μ1 0.945 0.097 
DEA Model 2    
Overall technical efficiency z2 0.724 0.289 
Pure technical efficiency π2 0.827 0.224 
Scale efficiency μ2 0.875 0.223 
T 
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Table 2 also contains the efficiency measures derived from the financial statement-based Model 2. All 
other things being equal, a smaller number of gold producers are assessed as being efficient, as compared to the 
production-based Model 1. In a nutshell, of the 30 companies, 37 percent are overall technically efficient, 15 
firms are purely technically efficient, and only 11 firms are scale efficient. The results also indicate that the 
average gold firm could become purely technically efficient by reducing inputs to 82.7 percent of their current 
level, and that scale effects account for 12.5 percent of observed inefficiency.  
At first sight, the differences between the two models in measuring the average level of productive 
efficiency may appear problematic. However, these results are entirely consistent with the variance in the 
methodological assumptions. In Model 1, there is an emphasis on the finding and exploitation of gold deposits 
with the minimal use of labour. Model 2 on the other hand would tend to ‘reward’ those firms which have a 
balance between costs and assets, and the minimisation of all costs (including labour), and the maximisation of 
market value. All other things being equal, a relatively young firm with an active exploration profile would 
perform well under Model 1, whilst Model 2 would place an older, more stable firm in best light. 
Whilst the measures of efficiency are of interest in themselves, the primary focus in the current study is 
on the consistency between these measures and the commonly-used financial ratios. Table 3 provides such 
correlates using the financial ratios and the DEA-based measures of overall technical efficiency (z). First, 
between Model 1 and 2 there is a high degree of positive rank correlation. A one-tailed test at the .01 level 
rejects the null hypothesis of no positive association between z1 and z2, and we may infer that the rankings 
provided are in broad agreement. Similar null hypotheses are rejected between δ4, δ6, δ7 and z1 at the .10 level. 
We may conclude that the higher the level of gold production and fixed assets per employee the higher the level 
of productive efficiency, and the higher the level of costs per ounce of extracted gold the lower the level of 
productive efficiency.   
Table 3 
Rank correlation - Overall technical efficiency 
z1 1.0000           
z2 0.4906*** 1.0000          
δ1 -0.0625 0.3059* 1.0000         
δ2 -0.0905 0.3780** 0.8122*** 1.0000        
δ3 -0.0572 0.3090* 0.9942*** 0.7962*** 1.0000       
δ4 0.4429** 0.2561* -0.3557** -0.2209 -0.3388** 1.0000      
δ5 0.2414 0.0149 -0.2303 -0.0634 -0.2165 0.8260*** 1.0000     
δ6 0.4554** 0.0857 -0.3281** -0.4714*** -0.2957* 0.6641*** 0.6151*** 1.0000    
δ7 -0.4194** -0.5279*** -0.2801* -0.2142 -0.2481* -0.2547* 0.0696 -0.0171 1.0000   
δ8 -0.0149 -0.0723 -0.3611*** 0.1333 -0.3753** 0.1960 0.3384** -0.2329 0.2449* 1.0000  
δ9 -0.1337 0.0723 -0.0038 0.4114** -0.0220 0.1471 0.3121* -0.4674 0.0385 0.7566*** 1.0000 
 z1 z2 δ1 δ2 δ3 δ4 δ5 δ6 δ7 δ8 δ9 
Asterisks denote significance * – 90 percent, ** – 95 percent and *** – 99 percent. 
Second, one-tailed tests are also rejected at the .10 level between the financial statement-based measure 
of productive performance (z2) and  δ1, δ2, δ3, and δ4. These results confirm the hypothesis that firms with higher 
profitability ratios are more productively efficient. Finally, as a collateral research outcome, the levels of 
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significance indicate that whilst there is broad agreement within sets of ratios, i.e. profitability, employee-based, 
and efficiency, these financial measures will not necessarily rank consistently across groups. 
Results for the logistic and OLS regressions are summarised in Table 4. The logistic regression (7) shows 
that overall technical efficiency varies significantly with a large number of included explanatory variables. A 
test of the null hypothesis that all slope coefficients are zero is rejected at the 0.10 percent level using the 
likelihood ratio procedure. Similarly, a prediction success table indicates that 80 percent of gold companies can 
be assessed as productively efficient on the basis of the explanatory financial ratios. However, whilst the results 
are suggestive, the levels of significance of the individual coefficients are relatively low. This is likely to arise 
from the use of a number of ratios posited to measure similar areas of performance, i.e. profitability. 
The OLS  regression models (8) generate results broadly similar to those of the logistic regression, 
though significance levels are higher and there is some variation in signs and significance across equations. In 
the case of Model 1, overall efficiency in the utilisation of resources and the provision of outputs is generally 
higher for companies with a low level of fixed assets per employee and a lower cost per ounce of extracted gold. 
In so far as identifying slacks (i.e. the overutilisation of specific inputs and underprovision of outputs) a number 
of points may be noted. First, most of the financial ratios employed are able to identify excessive input slacks in 
total costs. As a general rule, high ratios of pre-tax profits to costs and total assets, output per employee, and 
costs per ounce are positively associated with excessive costs, whilst a high ratio of sales to fixed assets, pre-tax 
profit to sales, and sales per employee indicate lower costs. Second, and all other things being equal, slacks in 
gold production are indicated by high ratios of cost per ounce, and costs to total assets. In terms of a production-
orientated approach to performance analysis, the results indicate that financial performance measures adequately 
identify firms with excessive cost levels and underperformance in production, but inconsistently account for 
access to reserves, ore grades, and exploration. 
Table 4 also contains the regressions using the observed slacks for the purely financial statement-based 
approach to modelling firm performance (since sales revenue and market capitalisation did not exhibit slacks 
they have been excluded from this part of the analysis). The main results here are that financial performance 
measures are useful for identifying excessive utilisation of the fixed costs of production, but are unable to 
appropriately rank performance when current costs are considered. However, the financial ratios employed 
appear to perform adequately when identifying firm that underperform in terms of profits on the basis of 
observable best-practice. All other things being equal, the ratios of pre-tax profit to costs and total assets appear 
to do a better job of identifying firms which are performing well in terms of profits than pre-tax profits to sales. 
Further, sales per employee and fixed assets per employee also easily identify firms with different levels of 
profitability. For example, a high ratio of sales per employee is associated with firms operating close to best-
practice performance in terms of profits. For both the production and financial-statement orientated models of 
firm performance, likelihood ratio tests for the joint insignificance of the slope coefficients are rejected at the .01 
level. 
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Table 4  
Determinants of overall efficiency 
 Logistic  Ordinary least squares regression        
Dependent Model 1 Model 2 Model 1                                                                     Model 2 
variable z1 z2 X1 X2 X3 X7 Y1 Y2 Y3 X3 X4 X5 Y4 
Intercept 3.4520 
(3.6323) 
-3.4607 
(4.1988) 
-0.0145 
(0.0957) 
0.9550 
(0.7753) 
-1.39E+05*** 
(2.26E+04) 
-4.63E+02** 
(2.17E+02) 
0.6503** 
(0.3204) 
-7.29E+02 
(7.06E+02) 
-6.13E+03***
(9.92E+02) 
1.01E+04** 
(5.83E+03) 
3.49E+04 
(2.34E+04) 
2.0E+04 
(1.49E+04) 
1.28E+03 
(1.80E+03) 
δ1 -4.5184 
(18.2310) 
-21.429 
(14.6810) 
0.2424 
(0.5486) 
0.5721 
(4.4440) 
3.17E+05** 
(1.30E+05) 
6.55E+02 
(1.24E+03) 
-1.6680 
(1.8370) 
6.27E+03* 
(4.04E+03) 
1.31E+04** 
(5.68E+03) 
-2.50E+04 
(3.34E+04) 
-2.58E+05** 
(1.34E+05) 
-9.3E+04 
(8.56E+04) 
-2.15E+04** 
(1.03E+04) 
δ2 7.6673 
(7.263) 
-0.102 
(5.4758) 
0.0588 
(0.1898) 
-0.1975 
(1.5380) 
7.48E+04* 
(4.49E+04) 
3.57E+02 
(4.30E+02) 
-0.1374 
(0.6356) 
8.24E+02 
(1.40E+03) 
2.93E+03 
(1.97E+03) 
1.12E+03 
(1.16E+04) 
-5.9E+04 
(4.63E+04) 
-5.8E+03 
(2.96E+04) 
-1.05E+04*** 
(3.58E+03) 
δ3 -9.6608 
(28.2620) 
25.181 
(21.2752) 
-0.3246 
(0.6916) 
-0.8580 
(5.6030) 
-4.01E+05** 
(1.64E+05) 
-1.09E+03 
(1.57E+03) 
1.5803 
(2.3160) 
-6.60E+03 
(5.10E+03) 
-1.61E+04** 
(7.17E+03) 
2.02E+04 
(4.21E+04) 
3.27E+05** 
(1.69E+05) 
9.2E+04 
(1.08E+05) 
3.20E+04** 
(1.30E+04) 
δ4 -8.62E-03 
(5.84E-03) 
4.88E-04 
(5.97E-04) 
-1.01E-05 
(1.65E-05) 
-7.82E-05 
(1.34E-04) 
11.1790*** 
(3.9070) 
0.0478 
(0.0374) 
-4.04E-05 
(5.53E-05) 
-0.0999 
(0.1218) 
0.5408*** 
(0.1712) 
-0.58723 
(1.0061) 
1.6382 
(4.0330) 
-1.1388 
(2.5770) 
0.2784 
(0.3113) 
δ5 1.28E-02 
(8.46E-03) 
-1.18E-03 
(1.29E-03) 
1.05E-05 
(4.58E-05) 
1.20E-04 
(3.71E-04) 
-17.1450* 
(10.8400) 
-0.1116 
(0.1038) 
2.45E-05 
(1.53E-04) 
0.1784 
(0.3378) 
-0.9595** 
(0.4747) 
-0.49444 
(2.7900) 
-18.694* 
(11.1800) 
1.7018 
(7.1470) 
-2.2211*** 
(0.8634) 
δ6 1.15E-04 
(1.57E-03) 
7.06E-04 
(1.69E-03) 
8.38E-05*** 
(3.01E-05) 
-9.43E-05 
(2.44E-04) 
0.2753 
(7.1070) 
-0.0116 
(0.0681) 
-4.15E-05 
(1.01E-04) 
1.0252*** 
(0.2215) 
0.0093 
(0.3114) 
0.32907 
(1.8300) 
17.14** 
(7.3360) 
-1.8941 
(4.6880) 
1.7564*** 
(0.5663) 
δ7 -0.8330 
(2.6058) 
9.1313 
(7.5644) 
-0.0015 
(0.0758) 
-0.3649 
(0.6141) 
2.78E+05*** 
(1.79E+04) 
1.30E+03*** 
(1.72E+02) 
-0.2966 
(0.2538) 
4.27E+02 
(5.59E+02) 
1.20E+04*** 
(7.85E+02) 
-4845.5 
(4.62E+03) 
-1.81E+04 
(1.85E+04) 
-8.27E+03 
(1.18E+04) 
-1.15E+03 
(1.43E+03) 
δ8 -1.7035 
(1.7527) 
0.79504 
(1.6802) 
-0.0379 
(0.0653) 
-0.3955 
(0.5289) 
-2.61E+04* 
(1.54E+04) 
-1.21E+02 
(1.48E+02) 
-0.1313 
(0.2186) 
0.1248 
(4.81E+02) 
-1.01E+03* 
(6.76E+02) 
-701.44 
(3.98E+03) 
-2.83E+02 
(1.59E+04) 
-2.42E+03 
(1.02E+04) 
1.25E+03 
(1.23E+03) 
δ9 0.1907 
(0.2582) 
-0.32059 
(0.2532) 
0.0164 
(0.0124) 
0.0169 
(0.1007) 
1.15E+03 
(2.94E+03) 
-8.77 
(2.82E+01) 
-0.0006 
(0.0416) 
1.4687 
(9.16E+01) 
4.99E+01 
(1.29E+02) 
-347.35 
(7.57E+02) 
2.07E+02 
(3.03E+03) 
-7.39E+02 
(1.94E+03) 
1.65E+02 
(2.34E+02) 
Figures in brackets are the corresponding standard errors. Asterisks denote significance * – 90 percent, ** – 95 percent and *** – 99 percent.  
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A number of points can be made. First, it would appear that there is a very low variation in technical and 
scale efficiency amongst gold companies in Australia. Depending on the behavioural assumptions employed, 
from 37 to 60 percent were judged to be overall technically efficient, 50 to 77 percent as purely technical 
efficient, and 37 to 57 percent as being scale efficient. Moreover, pure technical inefficiency – or that resulting 
from the inability to maximise outputs and minimise inputs – accounted for 4.4 to 17.3 percent of observed 
inefficiency, whilst inefficiencies which resulted from selecting an incorrect scale of operations accounted for 
5.5 to 12.5 percent. Second, whilst the DEA based measures provided consistent performance rankings, few 
financial ratio-based measures could. The financial performance measures which are most consistent with 
productive performance are those orientated towards ‘employee’ and ‘efficiency’ analysis.  
Finally, we have identified several significant influences on firm performance. Some of these are 
amenable to influence by management and some are not. However, the results are conditional upon the 
specification of the efficiency models and may vary with different types of data drawn from different industries. 
Further, whilst  the regression models explain some 68 percent of the variation in productive performance, much 
work remains to be done on identifying which financial ratios are the best measures of financial performance, 
and therefore those most appropriate for a comparison with productive performance. 
4. Concluding remarks 
he present study uses the non-parametric technique of data envelopment analysis (DEA) to investigate the 
efficiency of thirty listed Australian gold producers and explorers during the period 1993 to 1994. The 
current paper extends empirical work in this area in at least two ways. First, and as far as the author is 
aware, it represents the first attempt to apply the data envelopment analysis approach to the financial statements 
of listed Australian companies (other than banks). The evidence provided suggests that, on average, there was a 
low variation in technical and scale efficiency amongst listed Australian gold producers during the period in 
question. Second, the study analyses in detail the posited linkage between financial and productive performance, 
using a variety of statistical techniques. The results indicate that financial ratios, whilst in themselves useful 
indicators of firm performance, may be supplemented by multiple-input, multiple-output technologies. This is 
especially the case where the presence of exogenous factors and scale effects may compromise the results 
obtained from traditional parametric analysis. Moreover, by specifically focusing on the input and output slacks 
measured using DEA, the present study offers insights into specific aspects of managerial behaviour than can 
improved, rather than merely addressing the summary efficiency score. 
There are at least three ways in which this research may be extended. First, it would be useful to 
formulate alternative conceptualisations of corporate performance. It may well be that the production and 
financial statement-based approaches used in the present study represent an excessive abstraction from the ‘true’ 
underlying production technology. A second extension would be to compare corporate efficiency with actual 
market outcomes over time. A high rating of productive efficiency does not in itself guarantee success in areas 
such as the rapid growth of sales or market share, or outstanding financial results in terms of substantial profits 
or high stock market capitalisation. Finally, similar techniques to the present study could be used to analyse 
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other categories of listed companies. This may serve to highlight alternative criteria for assessing efficiency in 
service or manufacturing-based industries. 
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